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Switchable	 molecular	 materials	 have	 always	 attracted	











diation	or	 the	 inclusion	of	guest	molecules.	Moreover,	 the	
LS↔HS	transitions	can	be	easily	detected	following	the	in-
herent	variation	of	several	physical	parameters	such	as	die-
lectric	 constant,10,11	 magnetic	 moment,6	 structure,12,13	
color/refractive	index.14,15	Hence,	due	to	the	reversible,	con-
trollable	and	detectable	characteristics	of	SCO,	the	introduc-
tion	 of	 this	 switchable	 property	 into	 chemical	 systems	 is	
presented	 as	 an	 outstanding	 opportunity	 for	 developing	
new	smart	materials.16-18	In	this	conceptual	framework,	the	
design	 and	 synthesis	 of	Hofmann-type	 two-	 and	 three-di-





Of	 particular	 interest	 are	 the	 FeII-HCPs	 formulated	
{FeII(L)x[MII(CN)4]}	where	L	is	a	bridging	ditopic	axial	ligand	
(x	=	1)	or	a	terminal	monotopic	axial	ligand	(x	=	2)	and	MII	=	
Pt,	 Pd	 or	 Ni.19	 The	 FeII	 ions	 are	 equatorially	 connected	
through	 the	square-planar	 [M(CN)4]2-	anions	yielding	 infi-








LPE,	which	 is	a	particular	case	of	 the	 layer-by-layer	(LbL)	
method.22-26	This	process	consists	in	successive	immersions	
of	 a	 previously	 functionalized	 substrate	 into	diluted	 solu-
tions	 containing	 the	precursors	of	 the	desired	 compound.	
This	method	was	 firstly	 validated	 for	 processing	 3D	 FeII-
 
HCPs	which,	 excluding	one	case,27	 requires	very	 low	 tem-
peratures	(-60ºC)	for	achieving	a	regular	epitaxial	growth.	
















recently	 reported	 the	preparation	and	 characterization	of	








[MII	 =	 Pt	 and	 x=0	 (FePymPt),	 0.5	 (FePymPt∙0.5H2O),	 1	
(FePymPt∙1H2O);	 MII	 =	 Pd	 and	 x=0	 (FePymPd),	 1	
(FePymPd∙1H2O);	 MII	 =	 Ni	 and	 x	 =	 0	 (FePymNi)]	 and	
{FeII(Isoq)2[MII(CN)4]}	 [MII	=	 Pt	 (FeIsoqPt),	MII	=	 Pd	 (FeI-
soqPd)	and	MII	=	Ni	(FeIsoqNi)]	which	were	studied	by	sin-
gle	 crystal	 X-ray	 diffraction,	 thermal-dependent	magnetic	




electron	 spectroscopy	 (XPS)	and	atomic	 force	microscopy	
(AFM).	Our	study	confirms	the	adequacy	of	the	SQUID	mag-
netometer	measurements	 to	 assess	 the	 SCO	 in	 thin	 films	
above	a	threshold	thickness	value	as	previously	proved	for	


















lowed	 us	 to	 carry	 out	 all	 physical	 characterizations	 from	














SCO properties  






















half	 molecule	 of	 water	 at	 room	 temperature	 to	 afford	
FePymPt∙0.5H2O.	This	induces	a	narrowing	of	the	hystere-
sis	 by	 13	K	 (∆T1/2	 =	 28.5	 K),	mainly	 affecting	 the	 cooling	
branch	of	the	hysteresis,	which	moves	from	T1/2¯	=	200	K	to	
213	 K	 while	 the	 heating	 branch	 remains	 virtually	 un-
changed	(T1/2­	=	241.5	K).	Then,	according	 to	 the	 thermal	
analysis	this	hemihydrate	derivative	was	desolvated	in	situ	
in	the	SQUID	magnetometer	at	400	K	for	30	min.	The	result-











contrast,	 desolvated	 compound	FePymPd,	 obtained	 from	





The	SCO	behavior	of	FeIsoqM	 (M	=	Pt,	Pd)	 is	similar	 to	













compound	 clearly	 shows	 an	 almost	 complete	 cooperative	
SCO	characterized	by	a	thermal	hysteresis,	∆T1/2,	21	K	wide,	
despite	this	fact,	the	HS«LS	change	is	not	very	abrupt.	The	






dependence	 of	cMT	was	 investigated	 at	 105	 Pa,	 0.18,	 0.34	


































and	 entropy	 (DS)	 average	 variations	 related	 to	 the	 spin	












respectively.	 Relevant	 crystallographic	 parameters	 are	
gathered	in	Tables	S2	and	S3.		
Structure	 of	 FePymPt∙0.5H2O	 and	 FePymPd∙1H2O.	 At	
180/120	 K,	 the	 isostructural	 crystals	 of	











data.	 At	 260/250	K	 the	 crystals	maintain	 the	 same	 space	
group	 but	 the	 color	 changes	 to	 pale-yellow	 indicating	 a	
switch	to	the	HS	state.	This	is	confirmed	by	the	average	Fe-
N	 bond	 length	 of	 2.164/2.155	 Å	 (Pt/Pd),	 ca.	 0.2	 Å	 larger	
than	observed	for	 the	LS	state	 thereby	making	the	distor-

























ter	molecules	are	 located	within	 the	 channels	along	 the	a	
axis	(Figure	3b)	and	interact	with	the	non-coordinated	ni-








terplay	 between	 the	 SCO	 and	 the	 host-guest	 interactions	
displayed	 by	 these	 clathrates.	 Unfortunately,	 the	 loss	 of	
crystallinity	upon	total	desorption	of	water	prevented	us	to	
determine	 the	 crystal	 structures	 of	 the	 FePymPt	 and	
















{Fe[Ni(CN)4]}∞	 layers	 are	 strongly	 corrugated	defining	 an	
angle	 of	 147.82°	 between	 the	 equatorial	 plane	 [Fe(Neq)4]	
and	the	average	[NiC4]	plane.	The	interaction	between	lay-
ers	define	a	3D	five	connected	network	with	distorted	sqp	
topology	 (Figure	 S8).32,33	 The	 average	 Fe-N	 bond	 length	
(2.165	Å)	indicates	a	HS	configuration	consistently	with	the	
















ment	 with	 the	 cMT	 value	 at	 the	 same	 temperature.	 The	













At	 220	 K,	FeIsoqPt	 and	FeIsoqPd	 become	 pale	 yellow	
and	the	average	Fe-N	bond	length	 increases	by	0.209	(Pt)	











the	 (a,b)	plane	which	 contains	 the	Fe	 and	Pt	 centers	 (see	
Figure	 S8).	 Although	 to	 a	 very	 small	 extent,	 this	 fact	 also	
slightly	influences	the	separation	between	the	layers,	being	
ca.	0.1	Å	smaller	in	the	HS	state.	A	direct	consequence	is	that	




Epitaxial growth of SCO thin films 
Thin	 films	 of	FePymPt	 and	FeIsoqPt	were	 synthetized	
using	the	LPE	method	following	our	previous	work.29,30	The	
LPE	procedure	entails	the	sequential	assembly	of	the	pre-
cursors	 in	 solution,	 i.e.	 FeII,	 [Pt(CN)4]2-	 and	L	 (L	=	Pym	or	
Isoq),	onto	a	Au	substrate	previously	functionalized	with	a	

















that	 the	 films	display	 the	 same	 structure	 than	 that	 of	 the	
corresponding	single	crystals	with	the	metal-cyanide	layers	
oriented	parallel	to	the	Au	substrate.	Our	experiments	con-
firm	 the	 crystallinity	 and	 preferential	 orientation	 of	 the	
films	 consistent	 with	 our	 previous	 work	 for	 ultrathin	
films.30	Next,	the	chemical	nature	of	the	thin	films	was	also	





and	 Isoq	 based	 systems	 are	 in	 very	 good	 agreement	 and	
consistent	with	 the	 corresponding	N	 1s	 and	 C	 1s	 spectra	




















nm,	 showing	 a	 high	 homogeneity	 of	 the	 obtained	 films	
across	micrometric-scale	areas.	
 








signal-to-noise	 data,	 several	 identically	 prepared	 square	
thin-film	 pieces	 of	 ca.	 0.5	 cm2	were	measured	 simultane-
ously	for	the	three	compounds	applying	a	magnetic	field	of	
0.1	 T.	 The	 thermal	 dependence	 of	 the	 raw	magnetization	
















+ 𝐶 					(1) 
where	gHS	is	the	thermal	dependence	of	the	HS	molar	frac-


















mal	 dependence	 of	 M	 and	 cMT	 product	 for	 FePyPt,	
FePymPt	and	FeIsoqPt	are	shown	in	Figure	7.	The	inferred	
thermodynamic	parameters,	gathered	 in	Table	1,	are	con-





gether	 with	 the	 satisfactory	 agreement	 between	 experi-
mental	and	calculated	data	for	FePyPt	validates	the	analysis	
of	 the	 SCO	 properties	 for	 the	 homologous	 FePymPt	 and	
FeIsoqPt	thin	films.	However,	the	asymmetric	shape	of	the	
FePymPt	 SCO	 behavior	 generates	 some	 discrepancy	 be-
tween	the	γJKL 	values	obtained	from	M	vs	T	(0.53)	and	cMT	
vs	T	 (0.57).	The	masses	of	 compound	estimated	 from	 the	
magnetic	 measurements are	 2.45·10-5,	 1.19·10-4	 and	
1.85·10-4	 g	 for	 FePyPt,	 FePymPt	 and	 FeIsoqPt,	 respec-
tively.	
Table	1.	Thermodynamic	parameters	obtained	from	simu-





growth	 of	 FePyPt	 thin-films,29	 we	 decided	 to	 investigate	
new	closely	related	compounds	derived	 from	the	replace-
ment	of	the	Py	axial	ligand	by	the	Pym	and	Isoq	ligands,	both	





















FePyPt	 199	 80	 15.92	 5.8	 0.30	
FePymPt	 188	 77	 14.47	 6.0	 0.57-0.53	





ligands	 Py,37,38	 3-fluoro	 and	 3-chloropyridine	 (3Fpy,	
3Clpy),39	 4-phenylpyridine	 (4Phpy),40	 4-tetrathioful-
valenylcarboxamidopyridine	 (ttf–adpy),41	 4-styrylpyridine	







members	 of	 the	 {FeII(L)2[MII(CN)4]}n	 family	 mentioned	
above.	 In	 contrast,	 the	 strongly	 corrugated	 {Fe[Ni(CN)4]}n	









lized	 through	hydrogen	bonding.	Although	 the	 anhydrous	












FePdzNi·H2O	 (pdz	=	pyridazine)	 compound	whose	 layers	
are	planar	and	shows	a	hysteretic	SCO	centered	at	224	K.48	
Clearly,	 the	 strong	 corrugation	 and,	 specially,	 the	 uncom-
mon	axial	coordination	of	the	Ni	atom	strongly	coupling	the	















considered	 small.	 These	 results	 are	 consistent	with	 those	
reported	 for	 the	 homologous	FePdzM·xH2O	 (M	 =	 Pd,	 Pt)	
The	hydrated	compounds	(x	=	1)	display	rather	incomplete	







is	 in	 origin	 a	molecular	 phenomenon,	 its	manifestation	 is	
modulated	by	solid-state	effects	derived	from	the	texture	of	
each	 particular	 material.	 It	 is	 experimentally	 well-stab-
lished	that	subtle	factors	such	as	size	of	crystallites,	crystal-





solid	 play	 a	 pivotal	 role	 in	 the	 SCO	properties	 (T1/2av	 and	






for	 isostructural	 {Fe(L)2[M(CN)4]}	 series	with	M	=	Ni,	 Pd	
and	Pt,	r	increases	when	moving	from	Ni	to	Pt.	For	example,	
r	 is	 c.a.	 15%	 larger	 for	 FePymPt·0.5H2O	 than	
















dition,	 these	 synchronized	 events	 are	 responsible	 for	 the	
very	 small,	 but	 significant,	 observed	 compaction	 between	
layers	upon	LS®HS	transformation.	The	larger	size	of	the	








ber	 of	 strong	 attractive	p-p	 interactions	 and	one	 relevant	
contact	with	the	CN	groups,	which	seem	to	be	the	driving	
force	of	the	strong	tilt	angle	and	corrugation	changes	of	the	
layers	upon	SCO.	 In	 contrast,	 although	 the	LS	 state	of	 the	


























ands	 are	 practically	 equal	 in	 size	 and	 consequently	 the	




















FePymPt	 and	FeIsoqPt	 and	 60-cycles	FePyPt	 thin	 films,	














the	 decrease	 in	 T1/2	 	 are	 effects	 usually	 observed	 when	






cally	 the	 ligand	 field	 strength	 and	 increasing	 𝛾'(D .	 The	
growth	of	 thin	 films	using	 the	LbL	method	 is	subjected	of	




icity	 consists	of	 evenly	distributed	 “stalagmitic-like”	 inde-
pendent	nanorods	(ca.	26	nm	wide).	This	imprints	a	discon-
tinuous	character	to	the	film,	it	is	the	source	of	defects	and	
is	 responsible	 for	 the	 exponential	 increase	 of	 𝛾'(D 	 as	 the	
number	 of	 growth	 cycles	 decreases.	 However,	 above	 this	
threshold,	coalescence	of	the	nanorods	affords	more	com-
pact	homogeneous	films	characterized	by	a	value	of	𝛾'(D 	≈	
0.3	 which	 remains	 practically	 constant	 according	 to	 XAS	
measurements.19	
The	present	analysis	of	the	thermal	dependence	of	mag-




Figure	S14)	 to	5.8	kJ	mol-1	as	estimated	 for	 the	 films.	The	
same	 analysis	 shows	 that	 𝛾'(D 	 is	 markedly	 larger	 for	 the	









metric.	 The	 simulation	 of	 the	 experimental	 data	 gives	 a	
value	of	G	≈	6.0	kJ	mol-1,	which	is	just	only	ca.	5%	smaller	
than	the	one	calculated	for	the	SCO	of	the	bulk	crystalline	
material	 (G	 ≈	 6.3	 kJ	 mol-1	 see	 Figure	 S14).	 This	 value	 is	
clearly	over-estimated	and	should	be	seen	as	the	largest	G	




and	conferring	 to	 the	SCO	a	 less	abrupt	shape,	as	 it	 is	 the	
present	case.	A	comparable	situation	in	the	films	would	be	
associated	with	an	inhomogeneous	distribution	of	the	mo-




we	 processed	 AFM	 topography	 images	 of	 both	 90-cycles	
films	 with	 a	 Prewitt	 operator	 that	 highlights	 particle	
edges.59,60	 Indeed,	 a	 comparison	 between	 them	 clearly	
shows	 that	 these	 nanoparticles	 are	 noticeable	 larger	 for	
FePymPt	(Figure	S15).	
CONCLUSION 
In	 summary,	 here	we	 have	 described	 the	 crystal	 struc-
ture,	magnetic	and	calorimetric	properties	of	two	new	se-






cycles	 films	 of	 these	 compounds	 and	 60-cycles	 films	 of	





show	 SCO	 at	 lower	 temperatures	 than	 the	 corresponding	





pound	and	an	 asymmetric	hysteresis	 loop	 for	 the	 former.	
This	 study	shows	 that	despite	 the	great	 structural	 resem-
blance	 of	 the	 three	 compounds,	 their	 preparation	 as	 thin	
films	follows	different	growth	mechanism	that	dramatically	
affect	their	SCO	properties.	Therefore,	these	findings	should	






hydrate	 (Fe(BF4)2·6H2O),	 pyrimidine	 (Pym),	 isoquinoline	
(isoq),	 4-mercaptopyridine	 (py-SH)	 (TCI,	 >97%),	 tetrabu-
tylammonium	bromide	(TBABr),	potassium	tetracyanoplat-
inate(II)	 hydrate	 [K2Pt(CN)4·xH2O]	 potassium	 tetracyano-
palladate(II)	 hydrate	 and	 potassium	 tetracy-
anonickelate(II)	 were	 obtained	 from	 commercial	 sources	
and	 used	 as	 received	 without	 further	 purification.	 Anhy-
drous	ethanol	(99.5%)	was	purchased	from	Acros	Organics.	
Other	 solvents	 (HPLC-grade)	 were	 purchased	 from	
Scharlab	S.L.	(TBA)2Pt(CN)4	was	synthesized	following	a	lit-












and	 left	 to	 stand	at	 room	temperature.	Light	yellow	cubic	
single	 crystals	 of	FePymPt·H2O	 and	FePymPd·H2O	were	
obtained	 after	 2	 weeks	 and	 the	 dehydrated	 counterparts	
obtained	 by	 treating	 the	 samples	 at	 400	 K	 during	 (yield	̴	
55%).	Besides,	FePymNi	 crystallizes	as	dark	yellow	cubic	













was	 filled	with	 a	mixture	 of	 43/37/24	mg	 (0.1	mmol)	 of	
K2[M(CN)4]	 (M	=	PtII/PdII/NiII)	 and	32	mg	 (0.25	mmol)	 of	





62%).	 Elemental	 Analysis:	 Calculated	 for	 FeIsoqPt	
[C22H14FeN6Pt	 (613.33)	 (%)]:	 C	 43.08;	 H	 2.30;	 N	 13.70.	
Found	 (%):	 C	 42.79;	 H	 2.24;	 N	 13.20.	 FeIsoqPd	
[C22H14FeN6Pd	 (523.97)	 (%)]:	 C	 50.36;	 H	 2.69;	 N	 16.02.	
Found	 (%):	 C	 50.64;	 H	 2.51;	 N	 15.92.	 FeIsoqNi	
[C22H14FeN6Ni	 (476.00)	 (%)]:	 C	 55.40;	 H	 2.96;	 N	 17.62.	
Found	(%):	C	55.06;	H	2.78;	N	17.98.	
 
Physical measurements.  
Magnetic	 measurements.	 Variable-temperature	 mag-
netic	susceptibility	data	were	recorded	with	a	Quantum	De-
sign	 MPMS2	 SQUID	 magnetometer	 equipped	 with	 a	 7	 T	
magnet,	operating	at	1	T	and	at	temperatures	1.8-400	K.	Ex-













soqPt	 or	 FeIsoqPd	 sealed	 in	 aluminum	 pans	with	 a	me-
chanical	 crimp.	 Temperature	 and	 heat	 flow	 calibrations	








powder	 diffractometer	 (monochromatic	 CuKα	 radiation,	
1.5418	 A ).	 Patterns	 were	 collected	 from	 polycrystalline	






Elemental	 CHN	 Analysis.	 CHN	 analysis	was	 performed	
using	 a	 FlashSmart	 (Thermofisher)	 elementary	 analyzer	








tometer	 using	 graphite	mono-chromated	MoKa	 radiation	




fined	 anisotropically	 and	 hydrogen	 atoms	were	 placed	 in	
calculated	 positions	 refined	 using	 idealized	 geometries	
(riding	model)	 and	 assigned	 fixed	 isotropic	 displacement	
parameters.	 CCDC	 1910989	 (FePymPt·0.5H2O	 in	 LS),	
1910992	 (FePymPt·0.5H2O	 in	 HS),	 1989158	
(FePymPd·1H2O	in	LS),	1989157	(FePymPd·1H2O	in	HS),	
1989159	(FePymNi),	1910991	(FeIsoqPt	in	LS),	1910990	
(FeIsoqPt	 in	 HS),	 1989161	 (FeIsoqPd	 in	 LS),	 1989162	
(FeIsoqPd	 in	 HS)	 and	 1989160	 (FeIsoqNi)	 	 contain	 the	
supplementary	crystallographic	data	for	this	article.	These	
data	 can	 be	 obtained	 free	 of	 charge	 from	The	 Cambridge	
Crystallographic	 Data	 Centre	 via	
www.ccdc.cam.ac.uk/data_request/cif.	
Substrate	 Preparation	 and	 SAM	 Functionalization.	
Prior	to	Au	evaporation,	substrates	were	soaked	in	a	freshly	






filled	 glovebox.	 The	 base	 pressure	 and	 evaporation	 rate	
were	2×10-6	mbar	and	0.2	Å·s-1	respectively.	For	self-assem-
bled	 monolayer	 (SAM)	 functionalization,	 Au	 substrates	
were	 previously	 activated	 via	 O2	 plasma	 treatment	 (Min-
iPCFlecto,	 Plasma	Technology)	 and	 then	 immersed	 in	 a	 1	
mM	ethanol	solution	of	py-SH	for	24h.	Next,	substrates	were	
rinsed	with	fresh	ethanol	and	dried	under	a	stream	of	N2.		












Atomic	 Force	 Microscopy.	 Measurements	 were	 per-
formed	with	a	Digital	Instruments	Veeco	Nanoscope	IVa	mi-
croscope	in	tapping	mode	using	Si	tips	with	a	natural	reso-
nance	 frequency	 of	 300	KHz	 and	with	 an	 equivalent	 con-
stant	force	of	40	N·m−1.	The	scan	rate	was	adjusted	during	
the	scanning	of	each	image	and	kept	in	between	0.1	and	1	
Hz.	 Resolution	 for	 all	 images	 was	 512	 points/line.	 Film	
thickness	was	evaluated	by	scratching	off	the	FeII-HCP	film	
using	a	soft	pointy	tool.	
X-ray	 Photoelectron	 Spectroscopy.	 Spectra	 were	 col-
lected	at	the	X-ray	spectroscopy	Service	of	the	Universitat	
d’Alacant	using	a	K-Alpha	X-ray	photoelectron	spectrome-








elements.	 X-ray	 photo-electron	 spectroscopy	 (XPS)	 data	
were	 analyzed	 with	 Avantage	 software.	 A	 smart	 back-
ground	function	was	used	to	approximate	the	experimental	
backgrounds.	Charge	compensation	was	achieved	with	the	






radiation	 (Cu	Ka	=	1.5418	A )	 and	a	PIXcel	1D	detector	 in	
scanning	 line	mode.	 Single	 scans	were	acquired	 in	Bragg-
Brentano	geometry	(Ω	=	2º)	using	a	Soller	Slit	of	0.02°,	a	di-
vergence	slit	of	1⁄2	and	an	anti-scatter	slit	of	1/16	at	room	
temperature	 in	 the	angular	 range	2θ	=	4°-40°	with	a	 step	
size	of	0.026°.	






FeIsoqM;	 Figure	 S2.	 Thermal	 analysis	 for	FePymPt·0.5H2O	
and	 FePymPd;	 Figure	 S3.	 Clausius-Clapeyron	 plot	 for	
FePymNi	 and	 FeIsoqNi;	 Table	 S1.	 Data	 obtained	 from	 the	















films;	Figure	 S11.	 Survey	 XPS	 spectra	 of	FePymPt	 and	FeI-
soqPt	 thin	 films;	Figure	S12.	High-resolution	XPS	 spectra	of	
the	N	1s	and	C	1s	regions	of	FePymPt	and	FeIsoqPt	thin	films;	
Figure	 S13.	 C···C	 intermolecular	 contacts	 for	 FeIsoqPt·H2O	
and	FePymPt·0.5H2O;	Table	S6.	Interlayer	short	contacts	for	
FeIsoqPt	and	FePymPt·0.5H2O;	Figure	S14.	Simulation	of	the	
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